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INTRODUCTION 

Although numerous counts of Hawaiian monk seal, Monachus 
, have been made in recent years, an estimate of total 

population abundance for this endangered species has remained elusive. 
Fundamentally this is because, although the number of eeals hauled out at 
any particular time can be. counted with little error, it is not known what 
fraction of the total population such beach counts represent. 
this fraction is probably not constant, but varies with season, age, sex, 
time of day, weather, and other factors. 
and completeness of counting have been made over the past 25 pears by 
various researchers (Johnson et aP. 1982). Past abundance estimates have 
had to report beach counts only, it being understood that these counts 

Furthermore, 

Beach counts differing in method 

ented only some unknown fraction of the total population. Recently, 

to estimate the total abundance. Using several different methods, Johnson 
and Johnson (1981) estimru. ed the resident population of monk seals on 
Laysan Island. Wetherall developed several techniques of estimating total 
abundance based on a stochastic model of the monk seal's annual molting 
dynamics. 
they required information not available at the time--namely, the haul-out 

bilities of seals of different classes and the probability 
ibutiona for time spent in the molt and premolt states. 

Since 1980, the Southwest Fisheries Center Honolulu Laboratory, 

species has been studied more intensively, attempts have been made 

f 
Unfortunately, Wethetall's estimators could not be used since 

National Marine Fisheries Service, has conducted field studies of the 
Hawaiian monk seal in the Northwestern Hawaiian Islands. On Lisianski 

82 and 1983, researchers were able to identify individually all 
the island with a combination of natural scar patterns and 

idefttifying bleach marks applied for the purpose (Stone 1984; Johanoe and 
gam 1. 
completely known, and the fraction of seals that was hauled out on any 
particular date can be computed exactly from the beach count. Replicated 
beach counts were also made in 1983 at other islands in the monk sealts 
range. 
from Lisianski Island to adjust the beach counts of monk seals on the other 
Northwestern Hawaiian Islands to arrive at an estimate of total population 
size over the whole range of the species. 

Therefore, the population of monk seals on this island was 

This allows the possibility of using the known haul-out fraction 

This report is a preliminary attempt to estimate the 1983 population 
of Hawaiian monk seals by this method. The total population estimate given 

'Vetherall, J. A. 1980. Estimating monk seal populations using 
change-in-ratio and least squares methods. 
Lab., Natl. Mar. Fish. Serv., NOAA, Honolulu, HI 96812, Admin. Rep. 
H-80-2, 22 p. 

Southwest Fish. Cent. Honolulu 

'Johanos, T. C., and Kam, A. K. H. Monk seal research on Lisianski 
Island, 1983. Manuscr. in prep. Southwest Fish. Cent., Bonolulu Lab., 
Ratl. Mar. Fish. Serv., NOAA, Honolulu, HI 96812. 
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here is preliminary and should not be considered a best: QX: final estimate., 
Further testing anrl refinement of the methad introduced in this report is 

rp. Furthermore, the estimates given here are not comparable to any 

Ri-ce'a estimate 
ates of population size, particularly that of Rice (19601, 
e different assumptions behind that estimate. 
later. In general, beach counts: of monk seals are lower now I 

25 years ago, and recent indications are that papulatians are still 
ng at mast i.slands. 

METBODS 

r making the beach c 

dized COUIltBS termed "cen8u8es" in the references, are 

be determined 

sition to be eas 

h C  

I$=- I 

f 

c is the mean beach count on the island 
e same age and tiex: cl 

g the same time peri 
e delta method of Seber, 

is 

c var(f1 
b =  

f 3  
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For a reasonably p rec i se  es t imate  of f ,  t h i s  b i a s  w i l l  be n e g l i g i b l e ,  s ince  

where CV i s  t h e  c o e f f i c i e n t  of v a r i a t i o n .  
mean of many counts,  i t s  c o e f f i c i e n t  of v a r i a t i o n  i s  q u i t e  
<0.05, With the  same method, t h e  var iance of N can be estimated as 

I n  t h i s  report, si 

The var iances  of c and f can be estimated by consider ing t h e  b i d a i l y  counts 
r e p l i c a t e s .  This i s  a j u s t i f i a b l e  assumption i f  t h e  f r a c t i o n  present  

beach shows no t rend during the  period the  counts were wade. The 
r e s u l t s  presented below show t h a t  f o r  many age and sex c l a s s e s ,  t h e  
f r a c t i o n  of s e a l s  hauled out seemed t o  show l i t t l e  change over severa l  
weeks o r  months. Within such blocks of t ime, t he re fo re ,  t he  counts  were 
considered r e p l i c a t e s  i n  order  t o  es t imate  the  var iances  of c and f .  

RESULTS 

Actual Haul-But Frac t ions  a t  L i s i ansk i  I s land  

The a c t u a l  f r a c t i o n s  of monk s e a l s  of vanriaus age and sex c l a s s e s  
hauled out  a t  L i s i ansk i  I s l and  i n  1983 a r e  shown i n  Figures  1-3. 
f r a c t i o n  of adu l t  male s e a l s  hauled out  averages about one-third and shows 
no d i s t i n c t  t r eads  (Fig. la).  Figure 13 shows t h a t  the f r a c t i o n  of adu l t  
female seals hauled out  i s  somewhat higher  o v e r a l l  than t h e  f r a c t i o n  a f  
a d u l t  males hauled out during t h i s  same period. This is due l a r g e l y  t o  
some females nursing pups. When only the  non-nursing a d u l t  females a r e  
considered, t h e  f r a c t i o n  hauled out  i s  c l o s e  t o  t h e  f i g u r e  for adu l t  males. 
The f r a c t i o n  of subadult  males present  OR t he  beach appears r a t h e r  v a r i a b l e  
through the  month of May, but then shows l e s s  v a r i a b i l i t y  through e a r l y  
August (Fig. 2A). The f r a c t i o n  of subadult  females hauled out  increases  
a t  f i r s t  and then decreases ,  probably due t o  molting (Fig.  2B). The 
f r a c t i o n s  of j uven i l e  males (Fig. 3A) and females (Fig.  3B.9 present  on t h e  
beach showed no d i s t i n c t  t rends  during t h e  same l a t e  Apri l -ear ly  August 
per iod 

The 

The means, var iances ,  and covariances of t he  d a i l y  haul-out f r a c t i o n s  
for each af t h e s e  age and sex c l a s s e s  a t  L i s i ansk i  I s land  a r e  given i n  
Table 1. Generally speaking, one-half t o  one-third of a l l  age and sex 
c l a s s e s  present  around L i s i ansk i  I s land  would be expected t o  be counted 
during one of t h e  e a r l y  a f te rnoon surveys. Put another  way, t h e  t o t a l  
number of s e a l s  is  two t o  t h r e e  times the  number counted on t h e  beach. 
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A 

B 

1983 

Figure 2.--Fractions of subadult male (A) and female (€3) monk seals 
hauled out at Lisianski Island, 1983. 
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Figure 3e--Fractions of  adult male (A) and female (E) monk s e a l s  
hauled out at Lisianski  Island, 1983. 
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The 
mon abundance estimates, using t h e  formula given above. Regarding 
the  covariance8, t h e  maim r e s u l t  pe r t inen t  here  i s  t h a t  t he  r a t i o  of t h e  
sum of t h e  var iances  and twice t h e  covariances t o  t h e  sum of t h e  var iances  
only is 0.12525 f 0.07783 = 1.61. 

nces shown i n  Table 1 a r e  used t o  compute t h e  standard e r r o r s  of 

This f a c t o r  is used la tex .  

am,  var iances ,  and covariances of t he  f r a c t i o n  of Hawaiian 
monk seals of a l l  non-pup age and sex c l a s s e s  hauled out  a t  L i s i ansk i  
I s l and ,  27 Apr i l  t o  7 August, 1983. A t o t a l  of 52 beach counts were made 
during t h i s  period. 

Variances and covariances (x  10 2 

Adult Subadult Juveni le  

Means Male Female Male Female Male Female 

male 0.326 0,288 0,042 -0.084 -0. 6 -0.102 0.188 
female 0.412 0.767 -0.116 0. 0.043 0.246 
male 0.426 1.172 0.848 0 .252 0.044 

0 . 423 3.408 0.366 0.533 Subadult female 

male 0.401 
female 0.357 

0.825 -0.136 
1.323 

Test of t h e  Method a t  L i s i ansk i  I s land  

The method of using t h e  expected f r a c t i o n  of seals hauled out  as a 
i c h  t o  a d j u s t  t h e  beach counts  can be t e s t e d  a t  L i s i ansk i  

I s l and  s ince  t h e r e  are 2 years  of d a t a  f o r  
i s  completely known. The known mean haul- 
t a  p red ic t  t 
counts i n  19 , and v i c e  versa .  The r e s u l t s  of t h i s  test  a r e  shown i n  
Table 2 f o r  adu l t  male and female seals. 
f o r  t he  comparison d id  not  include co 
t h i s  d a t e  t h e r e  was sti1:L a number of 1s unmarked. It also did not  
include counts  a f t e r  Auguat 3 ,  becaus 
molting and t h e  beach counts of males inc rea  
i d e n t i t y  of nea r ly  a l l  a d u l t  s e a l s  was known 
a c t u a l  number of seals present  on t h e  i s l and  i s  computed a8 a weighte 
average on a d a i l y  b a s i s ,  where t h e  number of seals is  ad jus ted  s l i g h  
throughout t h e  season t o  acc t f o r  known dea ths ,  immigrations, and 
emigrations.  

i ch  t h e  populat ion of seals 
f r a c t i o n s  i n  1982 a r e  used 

3 ,  based on t h e  mean beach number of seals present  i n  

The t i m e  per iod i n  1982 se l ec t ed  
before  May 3 0 ,  because before  

ter  t h i s  d a t e  a d u l t  males began 
d dramatical ly .  
rom the  f irst  census. The 

In 1983 t h e  
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Table 2.--Comparison of the actual number of adult monk seals present on 
Lisianski Xsland in  1982 and 1983 with the estimated number based on the 
beach counts (c) and the fraction of seals present on the beach ( f ) .  
each year, the estimated number of seals is computed using the beach counts 
of that year and the fraction present from the other year. 
error (SEI of the estimate is computed from the standard deviations (SD) of 
c and f by a formula given in the text. 
here is a daily mean of the number of seals present: during the period 
indicated, The estimated number of male and female adult seals in each 
year is close to the known actual number, less than one standard error in 
all cases. 

For 

The standar 

The actual number of seals shown 

c = average f = average E2timated 
adult beach No. sf fraction N = c/f Actual 

Dates Sex count (SD) counts present (SD) (SEI N 

M 31.81 32 0.319 97.6 99.7 
30 m y -  (6.02) (0 .0608) (4.0) 

3 Aug. 
1982 F 16.63 32 0.413 40.4 40.2 

(3.74) (0.0951 ) (2.0) 

M 32.35 52 0.326 101.4 99.2 
23 Apr.- (5.29) (0.0537 1 (4.1) 

(3 2 5 )  (0.0875) (1.9) 

7 Aug. 
1983 F 15.92 52 0.412 38.5 38.7 

The estimated number of seals based on the beach counts is in all 
cases close to the known actual number of seals (Table 2). The standard 
error of the estimate is small because of the large number of replicate 
counts. The estimated number of seals  is less than one standard error from 
the known number for both sexes and both years. 
between years is very consistent, In 1982 an average of 31.9% of the adult 
males were hauled out during this period, while in 1983 the figure was 
32.6%. The adult female fractions, including nursing females, were 41.3% 
in 1982 and 41.2% in 1983. These results indicate that the known haul-out 
fractions at Lisianski Island can be used to adjust beach counts to obtain 
estimates of the total population size. 

Application to Other Islands 

The haul-out pattern 

In Table 3 this method is applied to the 1983 beach counts at other 
islands and atolls in the Northwestern Hawaiian Islands. 
on which these estimates are based are taken from unpublished data of the 
monk seal program. Separate estimates of the number of males and females 
in each of three age classes (adult, subadult, and juvenile) are shown at 

The beach counts 
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T a b l e  3.--Estimated numbers of Eawaiian monk seals i n  t h e  summer of 1983 a t  s i x  major  i s l a n d s  or a t o l l s  i n  t h e  Northwestern 
Hawaiian I s l a n d s .  A b b r e v i a t i o n s  a r e :  A = a d u l t ,  S = s u b a d u l t ,  J = j u v e n i l e ,  €4 = male, F = a l e ,  SE P s t a n d a r d  e r r o r .  
The e s t i m a t e s  of abundance and t h e i r  s t a n d a r d  e r r o r s  a r e  computed from beacb c o u n t s  b y  metho e x p l a i n e d  i n  t h e  t e x t .  

, 

Estimated No. o f  seals i n  each agelsex class 
( w i t h  SE) Nonpups 

Dates  of No. of t o t a l  Total  
I s l a n d  or a t o l l  1983 c o u n t s  c o u n t s  -AM AF SM SP JM 3F Pups (SEI  (SE) 

L i s i a n s k i  4127-8f 7 52 99* 39* 29* 21" 24* 16* 25* 228* 2531 

- 

Necker 7128-8/ 5 5 

Laysau 4/24-7121 24 

36 19 
14.0) (1.8) 

90 49 
(3.8) (2.3) 

28 7 
(1.4) (0.5) 

73 
(6.5) 

263 
(7.4) 

60 
(2.5) 

95 
( 5 . 2 )  

7 44 
(34.7) 

4 5 
(1.2) (1 .6)  

23 29 
(2.0) (2.4) 

5 
(1.7) 

22 
(1.2) 

5 
(0.5) 

I 3* 
(0.6) 

26 24* 
(I .8) 

70 
(6.5) 

239 
(7.4) 

Kure 4/22-6/28 3 1  

P e a r l  and Hermes Reef 5130-7114 8 

French F r i g a t e  Shoals :  

7 3* 
(0.7) 

57 
(2.5) 

9 12* 
(1.8) 

63 96** 
(6.5) (1.0) 

15 O* 
(1 .7)  

2 46* 
(0.4) 

(1.0) 
a 3X* 

22 24 
(2.4) (1 .9)  

127 188 
(11.7) (11.6) 

44 15 
(2.8) (1.0) 

3 49 
(0.5) (2.5) 

16 47 
(1.2) (2.7) 

13 14 
(2.0) (1.3) 

I1 4 
(4.6) (2.4) 

21 27 
(9.2) (9.7) 

a 6 
(3.1) (2.4) 

a 7 
(1.7) (0.8) 

81 116 
(11.5) (15.0) 

24 28 
(2.61 (3.7) 

3 5 
(0.3) (0.6) 

11 11 
(1.0) (1.2) 

5 3 
(1.0) (0.4) 

13 
(1.0) 

73 
(8.6) 

15 
(1.5) 

2 
(0.4) 

9 
(0.8) 

2 
(0.3) 

a3 
(5.2) 

648 
(34.7) 

141 
(7.4) 

64 
(3.5) 

102 
(4.5) 

42 
(3.5) 

38 
(10.9) 

179 
(29.4) 

29 
l 8 . l )  

17 
(4.7) 

Tern 4/17-5131 19 

East 41 19-8/ 3 35 

Whale-Skate 4119-aiz 35 

T r i g  4128-8/1 14 5 1* 
(0.7) 

12 3 5 
(6.0) (1.6) (2.5) 

22 54 31 
(9.2) (13.7) (7.5) 

Shark s i a  1 

Disappear ing  4/23 l 

3 O* 
(1.4) 

24 1* 
(5.7) 

Gin snd  L i t t l e  Gin 7/26 2 
(1.1) 

(1.1) 
I 

0 

a 5 
(4.2) (2.5) 

2 2 
(1.1) (1.3) 

0 1 
(0.5) 

0 I* 

Bare 4/ 26-615 

Round 4126-6f 9 

Mulle t  4/ 16-7 I9 

7 3 
(2.2) (1.7) 

2 O* 
(1.5) 

20 
(4.0) 

16 
(2.5) 

4 3 15 
(1.5) (2.7) 

I a 
(0.4) (1.7) 

1 9* 
(0.51 

3 5* 
(0.5) 

7 1 
(0.41 

2 1 
(0.5) (0.4) 

%awn (not estimated) q u a n t i t y .  
nTota l  greater cham sum by i a l a i i d s  because  t h e  b i r t h  l o c a t i o n s  05  some pups were unknown. 
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each island or atoll group, rounded off to the nearest whole number. 
Standard errors for all estimates are also given, calculated from the 
formula given above. 
computed by adding the variances of the separate estimates and multiplying 
by 1.61 to account for the covariances, 
born in 1983 is known since pups of the year remain reco 
months. However, the pup production figures should be c 
estimates since a few pups may have been born and died b 
of the researchers in April. Births after August would 
these are expected to be very few, if any. 

Standard errors far totals on each island are 

At each island 

ted total number of Hawaiian monk seals alive during the 
other than pups, is 1,325 (Table 31,  Since 163 pups were 

born in 1983, the total number of seals is estimated to be 1,488, with a 
95% confidence interval from 1,417 to 1,559. Half the total population is 
at French Frigate Shoals, and over half the births occurred there. Almost 
a third of the total number of births in 1983 occurred at a single island, 
East Island at French Frigate Shoals. This confirms earlier impressions 
the importance of this atoll for the monk seal population. 

As has been recognized for several years, there is an excess of 
males over adult females at Kure Atoll and at Lisianski, Laysan, and 
Islands. This imbalance is thought to be a cause of aberrant behavior by 
adult males and is currently the focus of research by the Marine Mammals 
and Endangered Species Program of the Honolulu Laboratory. 
Hermes Reef the numbers of adult males and females are a 
while at French Frigate Shoals there appear to be more females than males. 
Overall, the total number of adult males is estimated to be 402 and the 
number o f  adult females 326. 

At Pearl. a 

DISCUSSION 

With the exception of the estimates of Johnson and Johnson (19813, 
based on several years on their intensive study at Laysan Island, it has 
not been possible in the past to relate the number of monk seals counted 
during a survey to the total population resident around an island. 
of the complete censusing of the monk seal population at Lisianski Island 
during 1982 and 1983, however, it will now be possible to estimate the 
total population at Lisianski quite precisely in the future simply from a 
series of beach counts. This assumes, of course, that future counts are 
taken in a similar way and that the haul-out behavior of the seals at 
Lisianski does not change. 
Lisianski from 1982 and 1983 (Table 2)  suggests that they do not vary much 
from year to year. 

Because 

The similarity of haul-out fractions at 

To extend the results from Lisianski Island to other islands, it is 
necessary to make the further assumption that the fraction of seals hauled 
out is the same on a l l  islands. 
estimated, under this assumption, to be 1,488, with a 95% confidence 
interval from 1,417 t o  1,559 (Table 3 ) .  
haul-out fraction but the variance of the haul-out fraction does not depend 

The total 1983 population of monk seals is 

The assumption that not only the 
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on island topography, seal density, sex ratio, island size, and other 
factors is a strong one, 
central to placing any confidence in the abundance estimates in Table 3 ,  it 
is recommended that data be gathered in the future to terst it. 
1984 field seasoni 8: complete enumeration of the  population at Laysan 
Island is expected, and it will then be possible t o  compare the haul-out 
fractions at Laysan with those previously determined at Lisianski. 

Since the validity of this assumption is clearly 

During the 

The monk seal population estimates in Table 3, however, do seem to be 
reasonable based on other information, and this is a partial validation of 
the assumption of equal haul-out behavior. For example, the estimates in 
Table 3 are derived solely from beach counts and do not depend at all on 
the considerable effort !which has gone into the individual identification 
of seals at most of the islands. 
substantial proportion of certain age and sex classes is recognizable, 
Laysan Islgnd, for example, the number of adult females in 1983 was 48 or 
49 (Alcorn 1, identical t o  the estimate of 49 in Table 3. 
agreement gives some confidence that the key assumption that the average 
fraction of seals hauled out on a beach does not vary between Lisianski and 
other islands is at least approximately true. 

At some islands, it is felt that all or a 
At 

Such close 

Monk seals move amoing islands and atolls, although the rate of 
interatoll movement appears to be low (Johnson and Kridler 1983). 
Interatoll movement of the seals will not affect the estimates of abundance 
presented in this report? however, since an equal number of seals is 
expected, on average, t o  immigrate t o  and emigrate from any particular 
island. 
estimates given here will not be affected since all beach counts were made 
in 1 year and at the same time of year. A bias in the estimated total 
abundance could result if, for example, a summer estimate at one island 
were added to a fall estimate at another island and there was a net 
migration of seals between the two islands during that period. 
bias could result by adding estimates from several islands in different 
years. 
the past 25 years (Johnson et al. 1982). 

Even if there ia a net migration from one island t o  another, the 

A similar 

There is some evidence of a population shift from west to east over 

The precision of the estimates of population size depends largely on 
the number of available beach counts. 
on any one beach count can be quite variable (cf. Figs. 1-31, replicate 
beach counts are needed t o  compute an average number of seals present. 
number oE beach counts available in 1983 varies widely by island, from 52 
at Lisianski Island to single counts at some of the islands at French 
Frigate Shoals. 
counts have only a few seals, but one, Disappearing Island at French 
Frigate Shoals, had a beach count which projects to more than 10% of the 
total monk seal population. 
island in 1983, the standard error of the estimated number of seals is 

Since the fraction of seals present 

The 

Most of the islands at which there is a low number of 

Because only a single count was made at this 

3D. Alcorn. Southwest Fish. Cent. Honolulu Lab., Natl. Mar. Fish. 
Serv., NOM, Honolulu, HI 96812, pers. commun., June 1984. 
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large. In fact the variance from this one island contributed two-thirds of 
the variance of the estimate for the entire population (campare the 
standard error at Disappearing Island, 29.4, with the standard error of the I 

total population estimate, 3 6 . 4 ) .  
estimate could be greatly increased by a few replicate counts, from 
Disappearing Island in particular. 
more counts be attempted at this island. 

The precision of the total population 

It is recommended that, in the future, 6 

The total 1983 population estimate of 1,488 is a preliminary estimate 
subject to further analysis of these and other data. 
beach counts with those in the past is difficult because past counts were 
made using different procedures (Johnson et al. 19821, Rice (1960)  
reported the highest count from a combination of aerial and ground surveys 
of all the major islands and atolls in 1957-58. For comparison with these 
earlier counts, Johnson et ale (1982) also reported the highest count from 
each island for each year in the period 1976-78 and, despite the 
variability introduced by different methods of counting, these authors 
found significant trends in population size at all islands for the period 
1957-78, Monk seal populations decreased at the western end of the chain 
(Kure, Midway, Pearl and Bermes, Laysan, and Lisianski) and increased at 
the eastern end of the chain (French Frigate Shoals and Neeker), 

Comparison of present 

Based on the greater information we now have on the monk seal's haul- 
out behavior, a more detailed comparison of past and present counts 
made in the future. However, because Rice (19601 considered his  6s 
of 1,358 seals t o  be a total population estimate rather than simply a 
highest beach count, and this figure ha8 been mistakenly cited as a total 
population size for monk seals at that time (1957-581, a further discussion 
of this particular estimate is merited here. 

Rice (1960) considered that because the "counts at each atoll approach 

The consistency of any counts, however, does 
a fairly consistent maximum...the counts, therefore, are not appreciably 
below the actual population." 
not imply anything about what fraction of the population they represent. 
Furthermore, Figures 1-3 make it clear that, depending on the time of year 
and number of counts, the highest of several beach counts would be about 
50-60% of the total number of seals. Rice had fewer counts at each island 
than the number of counts plotted in Figures 1-3, and the chance of getting 
a single very high count is correspondingly lower. Rice did add 158 (about 
15% of his highest beach counts) to adjust for seals missed, but this is 
now seen to be an undereompenaation. 
population estimate of 1,350 seals is undoubtedly low for that time. 

For these reasons, therefore, Rice's 

Present beach counts of monk seals, excluding pups, are aroumd 500 
animals, considerably below Rice's counts, Whatever the details of 
different counting methods, the general picture for the Hawaiian monk seal 
continues to be that the population has suffered a serious decline since 
the late 1950's and is in need of strict protection. 
population which these beach counts indicate, as reported here, is further 
cause for concern. 

The small total 



13 

LITERATURE CITED 

sons A. M., P, L, DeLanE, C ,  11. Fiscus, and K, W, Ke yon, 
1982, Population status of the Hawaiian monk seal (Monachus 

sc hau ins land i IL 97 8 e J . Mammal. 63 : 41 4-421 
JoEpfl~on, A. M,, and E. Kridler. 

1983, Interisland movement of Hawaiian monk seals, 'Elepaio 
44( 5 1 : 43-45. 

Johnson, B, W., and P. A. Johnson, 
1981, Estimating the Hawaiian monk seal population on Layean Island. 
Report F@-fC-80/06 t o  the U.S. Marine &mal Commission. 
106113, 29 p, 

NTIS PB82- 

Rice, De W, 
1960. Population dynamics of the Hawaiian monk seal. J. Mammal. 
41 :376-385. 

Seber, G. A, F. 
1982, The estimation af animal abundance, MacMillan Go., N.Y., 

2d ed., 654 p. 

Stone, H, S. 
1984. Hawaiian monk seal population research, Lisianski Island, 

1982. U.S. Dep. Comer., NOAA Tech. Memo. NMFS, NOAA-TM-NMFS- 
SWFC-47, 33 p* 

a 




